® 



J 



Europaisches Patentamt 
European Patent Office 
Office uropten des brevets 




@ Publication number: 0 512 825 A1 



EUROPEAN PATENT APPLICATION 



@ Application number : 92304106.5 
(2) Date of fOing : 07.05.92 



@ int a. 5 : B60C 11/06, B60C 11/11 



@ Priority: 09.05.91 JP 133630/91 

09.05.91 JP 133631/91 

@ Date of publication of application : 

11.11.92 Bulletin 92/46 

(84) Designated Contracting States : 
DE FR GB IT 

@ Applicant : BRIDGESTONE CORPORATION 
10-1 Kyobashi 1-Chome 9 Chuo-Ku 
Tokyo 104 (JP) 



72) Inventor : Kamegawa, Tatsuhiko 
4-5-208, Ogawahigasht-Cho 3-Chome 
Kodaira City, Tokyo (JP) 
Inventor : Nakajima, Yukio 
678-18, Ogawa 
Akigawa City, Tokyo (JP) 

74) Representative : Whalley, Kevin et al 

MARKS & CLERK 57/60 Lincoln's Inn Fields 
London WC2A 3LS (GB) 



(3) Pneumatic tires. 



m 

CM 

co 

CM 

in 
o 
0. 



(57) A pneumatic tire (11) having a tread divided 
into a tread portion by grooves (13), in which 
each of said grooves has an intersect portion 
ami an angle of an island portion surrounded by 
said intersect portion is different from that of 
another part at the same island portion. In such 
a tire, running performances on dry roads are 
improved by making a distance in radial direc- 
tion from an outer surface of said tread portion 
(12) to a bottom (20) of the groove (13) at the 
intersect portion larger as the angle becomes 
smaller. 
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This invention relates to a pneumatic tire having a tread pattern f an outer surface of a tread defined by 
grooves. 

As a tread pattern of the pneumatic tire, there have hitherto been known a so-called rib type pattern in which 
plural main grooves extending zigzag in th circumferential directi n are formed on the outer surface of the 

5 tread porti n to form plural ribs located between adj ining main grooves and between the main groove and the 
tread end, or a so-called block type pattern in which plural main grooves extending in the circumferential di- 
rection and plural transverse grooves extending substantially extending in the axial direction and crossing with 
the main grooves are formed on the outer surface of the tread portion to form many polygonal blocks. 

In the conventional pneumatic tire, however, maximum cornering force largely lowers at a large steering 

10 angle to degrade running performances of the tire on dry road. 

The inventors have made various studies in order to elucidate the cause of lowering the maximum cornering 
force at such a large steering angle, and found out the following facts. Since rubber is generally non-com pres- 
sive (when pressure is applied to rubber, the deformation occurs but the volume is unchangeable), when island 
portions of the tread such as ribs and the like made from rubber are contacted with ground, the island portions 

15 are crushed in the radial direction under loading to escape (expand) in a direction parallel to the ground con- 
tacting surface. In this case, when an angle of the bland portion surrounded by an intersect portion of the 
grooves is small, an occupying ratio of the island portion in the vicinity of the intersect portion is low and a space 
escaping rubber is wide, so that the ground contact pressure of the island portion becomes low. On the other 
hand, when the angle of the island portion is large, the occupying ratio of the island portion in the vicinity of 

20 the intersect portion is high and the space escaping rubber is narrow, so that the ground contact pressure of 
the island portion becomes high, tf the ground contact pressure is ununrform in the island portions of the tread, 
side force concentrates in a portion having a high ground contact pressure in accordance with the increase of 
the steering angle and consequently maximum cornering force lowers. Moreover, when the tread portion is com- 
prised of many polygonal blocks each having sides of d Efferent lengths, rubber quantity deforming in the vicinity 

25 of a center of short side is small and is largely crushed in the radial direction to lower the ground contact pres- 
sure, while rubber quantity deforming in the vicinity of a center of long side is large and the crushed quantity 
in the radial direction is smaller than that in the vicinity of the center of the short side to increase the ground 
contact pressure. Such an ununiformity of the ground contact pressure brings about the lowering of the maxi- 
mum cornering force as mentioned above. 

30 The invention is based on the above knowledges and lies in a pneumatic tire having an outer surface of a 
tread portion divided into a tread pattern by grooves, in which each of said grooves has an intersect portion 
and an angle of an eland portion surrounded by said intersect portion is different from that of another part at 
the same island portion, characterized in that a distance in radial direction from an outer surface of the tread 
portion to a bottom of the groove at the intersect portion is made larger as the angle becomes smaller. 

35 That is, plural main grooves extending zigzag in the circumferential direction are formed on the outer sur- 
face of the tread portion to form plural ribs between these main grooves and between the main groove and 
tread end, in which the distance in radial direction from the outer surface of the rib to the bottom of the main 
groove at the intersect portion of the main groove formed by the zigzag folding thereof is made large as the 
angle of the rib folded at the intersect portion becomes small. 

40 Further, when many polygonal blocks are formed by arranging plural main grooves extending in the cir- 

cumferential direction and plural transverse grooves extending substantially in the axial direction and crossing 
with the main grooves in the outer surface of the tread, the distance in radial direction from the outer surface 
of the block to the bottom of the main groove at the corner portion of the block formed by the intersection be- 
tween the main groove and the transverse groove is made large as the angle of the intersect portion becomes 

45 small. Moreover, when the outer surface of the block is defined by sides having different lengths, the distance 
in radial direction from the bottom of the main groove to the outer surface in the vicinity of center of the longest 
side, the distance in radial direction from the bottom of the main groove to the outer surface in the vicinity of 
center of the shortest side, and the distance in radial direction from the outer surface to the bottom of the main 
groove in the comer portion of the block are made larger in this order. 

so As previ usly mentioned, the ground contact pressure of the island portion of the tread running on road 
surface is I w in a portion that the angle f the intersect porti n defined by the groove is small and high in a 
portion that the angle is large. Therefore, according to the invention, the distance in radial direction from the 
outer surface of the tread to the bottom of the main groove at the int rsect portion is made larger as the angle 
becomes small, whereby the rubber quantity in the vicinity of th intersect portion having a small angle is irv 

55 creased to increase th ground contact pressure, while the rubb r quantity in th vicinity of the intersect portion 
having a large angl is decreased to reduce the ground contact pressure and hence the ground contact pressure 
in each island portion is equalized over the whole of the tread. As a result, even if the steering angle becomes 
large, the concentration of side force into a portion having a higher ground contact pressure is mitigated to pre- 
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vent the lowering f maximum cornering force. 

Furthermore, the invention is applied to so-called rib-type and block-type patterns for the equalization of 
the ground contact pressure. 

Since the central portion of th rib in width wise direction and th central surface portion of the block are 

5 surrounded by rubber, there is no escaping porti n for rubber during the ground contacting and hence the 
ground contact pressure becomes maximum. Therefore, the distance in radial direction of such a portion is 
made minimum to further equalize the ground contact pressure over the whole of the rib or block. 

When the outer surface of the block is comprised of sides having different lengths, the ground contact pres- 
sure of the block is low in the vicinity of center of short side and high in the vicinity of center of long side. For 

10 this purpose, the ground contact pressure can be equalized by making large the distance in radial direction 
from the bottom of the main groove to the outer surface in the vicinity of center of longest side, distance in radial 
direction from the bottom of main groove to the outer surface in the vicinity of center of shortest side and distance 
in radial direction from the outer surface of the block comer portion to the bottom of the main groove in this 
order, or by minimizing the distance in radial direction from the bottom of the main groove in the surface center 

15 of block to the outer surface, or by making large the distances in radial direction from the bottom of the main 
groove to the outer surface as the length of the side becomes short when the kind of length of the side is not 
less than three. 

The invention will be described with reference to the accompanying drawings, wherein: 
Fig. 1 is an exploded view of a first embodiment of the pneumatic tire according to the invention; 
20 Fig. 2 is a sectional view of Fig. 1 taken along a line of IMI; 

Fig. 3 is a sectional view of Fig. 1 taken along a line of Ill-Ill; 
Fig. 4 is a sectional view of Fig. 1 taken along a line of IV-IV; 
Fig. 5 is a sectional view of Fig. 1 taken along a line of V-V; 

Fig. 6 is an exploded view of a second embodiment of the tread portion according to the invention; 
25 Fig. 7 is a sectional view of Fig. 6 taken along a line of VII- VII; 

Fig. 8 is a sectional view of Fig. 6 taken along a line of V1II-VIII; 

Fig. 9 is a sectional view of Fig. 6 taken along a line of IX-IX; 

Fig. 10 is a graph showing a value of maximum cornering force to a slip angle; 

Fig. 1 1 is another graph showing a value of maximum cornering force to a slip angle; 
30 Fig. 12 is an exploded view of a third embodiment of the tread portion according to the invention; 

Fig. 13 is a sectional view of Fig. 12 taken along a line XIII-XIII; 

Fig. 14 is a sectional view of Fig. 12 taken along a line of XIV-XIV; and 

Fig. 15 is a graph showing a value of maximum cornering force to a slip angle. 

In Fig. 1 is shown a first embodiment of a pneumatic tire 1 1 according to the invention. In the tire 1 1 , plural 

35 main grooves, four main grooves 1 3 in the illustrated embodiment extending in the circumferential direction are 
formed on an outer surface of a tread portion 12. These main grooves 13 are folded zigzag at same pitch and 
amplitude and arranged in the circumferential direction at same phase. As a result, plural ribs extending zigzag 
in the circumferential direction, particularly five ribs 16 in the illustrated embodiment are formed between the 
adjoining main grooves 1 3 and between the outermost main groove 1 3 and tread end 1 4. Numeral 1 7 is a bound- 

40 ary between an outer surface of the rib 16 and a sidewall 15 of the main groove 13, i.e. an edge segment of 
an intersect portion defined between the outer surface of the rib 16 and the sidewall 1 5 of the main groove 1 3. 
An edge line comprised of these edge segments 17 extends zigzag along the main groove 13 in the circum- 
ferential direction, and consequently the two edge segments 17 adjacent to each other in the circumferential 
direction intersect with each other at an intersect angle a of less than 1 80° or an intersect angle p of more than 

45 180°. When such a tire 11 is run under loading, since rubber is incompressible, the rib 16 is crushed in the 
radial direction to escape in a direction parallel to ground contacting surface (i.e. a direction of expanding toward 
the inside of the main groove 1 3). In this case, an occupying ratio of the rib 16 to a space surrounding it is low 
in the vicinity of an intersect portion (protrusion end) 18 wherein the intersect angle a between the edge seg- 
ments 17 is less than 180° and the space for escaping rubber is wide, so that the ground contact pressure of 

so the rib 16 in the vicinity of such an intersect portion 18 becomes I w, while the occupying ratio of the rib 16 is 
high in the vicinity of an intersect portion (concave end) 19 wherein the intersect angle p between the edge 
segments 1 7 is more than 1 80° and the space for escaping rubber is narrow, so that the ground contact pressure 
of th rib in the vicinity of such an intersect portion 19 becomes high. On th other hand, a central portion in 
widthwis direction of the rib 16 is surrounded by rubber, so that th re is no space for escaping rubber during 

55 the contacting with ground and hence the ground contact pressure in the central portion in widthwise direction 
of the rib 16 is higher than that in th vicinity of the intersect portion 19 and becomes maximum. Thus, when 
th ground contact pressure is ununiform in the portions of the rib 1 6 in the widthwise direction, as the steering 
angle becomes large, side force concentrates in a portion having a high ground contact pressure, and conse- 
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quently the maximum cornering force lowers. 

According to the invention, therefore, as shown in Figs. 2 to 5, a distance in radial direction H from the uter 
surface of the rib 16 to a bottom 20 of the main groove 13 in th vicinity of the intersect portion 18 having a 
small intersect angle a is made large as compared with a distance in radial direction J from the outer surface 

5 of the rib 16 to the bottom 20 of the main groov 13 in the vicinity of the intersect portion 19 having a large 
intersect angle p. In this case, the vicinity of the intersect portion 18 b protruded outward in the radial direction 
from a sectional profile of the tread portion shown by phantom line, while the vicinity of the intersect portion 19 
is dented inward in the radial direction from the sectional profile of the tread portion 12 and also a distance in 
radial direction K from the outer surface of the rib 16 to a bottom 20 of the main groove 13 at a central portion 

10 in widthwise direction of the rib 16 is made smaller than the minimum value of the distance in radial direction 
in the vicinity of the intersect portion, i.e. the radial distance J. The outer surfaces of these portions of the rib 
in the widthwise direction are connected to each other in form of smooth curve. Moreover, the term "bottom 20 
of the main groove 13" used herein means a curve (shown by phantom line) connecting bottoms of a pair of 
the main grooves 13 arranged in both sides of the rib 16 to each other and in parallel with the sectional profile 

15 of the tread portion 12. Consequently, rubber quantity in the vicinity of the intersect portion 18 having a small 
intersect angl a is increased to increase the ground contact pressure in the vicinity of the intersect portion 18, 
while rubber quantity in the vicinity of the intersect portion 19 having a large intersect angle 0 is decreased to 
reduce the ground contact pressure in the vicinity of the intersect portion 19 and also rubber quantity in the 
central portion in widthwise direction of the rib 16 is most decreased to most reduce the ground contact pressure 

20 in this portion. Thus, the ground contact pressure is equalized over the whole of the rib in the widthwise direction. 
As a result, even if the steering angle becomes large during the running of the tire 1 1 , the concentration of side 
force into the portion having the high ground contact pressure is mitigated to prevent the lowering of maximum 
cornering force. Moreover, the difference (mm) between the radial distance H and the radial distance J is pre- 
ferably within a range of 0.005 to 0.015 times of the difference (degree) between the intersect angle a and the 

25 intersect angle p as an absolute value. When the difference is less than 0.005 times, the equalization of ground 
contact pressure is insufficient, while when it exceeds 0.015 times, the ground contact pressure in the vicinity 
of the intersect portion 18 extremely increases and also the ground contact pressure in the vicinity of the in- 
tersect portion 19 extremely decreases and hence the ground contact pressure is rather inequalized. In addi- 
tion, the difference (mm) between the radial distance K and the minimum value of the radial distance in the 

30 vicinity of the intersect portion, the radial distance J in the illustrated embodiment is preferably within a range 
of 0.3 to 0.8. 

In the above illustrated embodiment, there are two large and small intersect angles at the intersect portion, 
but three or more intersect angles may be taken. In the latter case, the distance in radial direction from the 
outer surface of the rib to the bottom of the main groove is made larger as the intersect angle becomes small. 

35 In Fig. 6 is shown a second embodiment of the pneumatic tire according to the invention, in which plural 

main grooves 24 extending straightforward in the circumferential direction and plural transverse grooves 25 
extending substantially in the axial direction and crossing with the main grooves 24 are arranged in an outer 
surface of a tread portion 22 to form a great amount of blocks 26 having a polygonal shape, parallelograms in 
the illustrated embodiment Even in these blocks 26, edge segments 28, 29 are formed in boundaries among 

40 the outer surface of the block 26, sidewall 23 of the main groove 24 and sidewall of the transverse groove 25, 
i.e. intersect portions between the outer surface of the block 26 and sidewalls of the main and transverse 
grooves. As a result, a comer portion 30 defined by intersecting the edge segments 28, 29 at an intersect angle 
y of less than 90° and a comer portion 31 defined by intersecting the edge segments 28, 29 at an intersect 
angle 5 of more than 90° are formed in each of the blocks 26. In this case, the ground contact pressure is low 

45 in the vicinity of the comer portion 30 having a small intersect angle y and the ground contact pressure in the 
vicinity of the comer portion 31 having a large intersect angle 8 is high likewise the aforementioned case, and 
hence the ground contact pressure is ununrform over the whole of the block to lower the maximum cornering 
force. According to the invention, therefore, as shown in Figs. 7 to 9, a distance in radial direction L from the 
outer surface of the block 26 to a bottom 32 of the main groove 24 in the vicinity of the comer portion 30 having 

so a small intersect angle y is made larger than a distance in radial direction M from the outer surface of the block 
26 to a bottom 32 of the main groov 24 in the vicinity of the comer portion 31 having a small intersect angl 
6. Inoth r words, the vicinity f the comer portion 30 is protruded utward in the radial directi n from the sec- 
tional profile (shown by phantom line) of the tread portion 22, while th vicinity of the comer portion 31 is dented 
inward in the radial direction from the sectional profil of the tread portion 22. Since a central portion of each 

55 block 26 at its uter surface is surrounded by rubber and is highest in the ground contact pressure, a distance 
in radial direction N from the uter surface of the block 26 to the bottom 32 of the main groove 24 at the central 
portion f the block is made smaller than a minimum value of the radial distance in the vicinity of the com r 
portion, i.e. the radial distance M in th illustrated mbodiment Further, the uter surfaces of these portions 
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of each block 26 are connected to ach other in form of a smooth curve. As a result the ground contact pressure 
in the vicinity of the comer portion 30 is increased, while the ground contact pressure in th vicinity of the comer 
portion 31 is decreased and also th ground contact pressure in the central portion of the block 26 is most de- 
creased, whereby the ground contact pressure over th wtiol f the block 26 is equalized. Therefore, ev n if 

5 the steering angle becomes large, the concentration f side force into a portion having a high ground contact 
pressure is mitigated to prevent the lowering of maximum cornering force. In this case, the difference (mm) 
between the radial distance L and the radial distance M is preferably within a range of 0.01 to 0.025 times of 
the difference (degree) between the intersect angle y and the intersect angle 5 as an absolute value. When the 
difference is less than 0.01 times, the equalization of the ground contact pressure is insufficient, whBe when it 

10 exceeds 0.025 times, the ground contact pressure in the vicinity of the comer portion 30 too increases and the 
ground contact pressure in the vicinity of the comer portion 31 too decreases and, as a result, the ground contact 
pressure in the block is rather ununrfonm. The difference (mm) between the radial distance N and the minimum 
value of the radial distance in the comer portion, i.e. radial distance M in the illustrated embodiment is preferably 
within a range of 0.3 to 0.8. 

is In the above Illustrated embodiment, there are two large and small intersect angles, but three or more in- 

tersect angles may be taken. In the latter case, the distance in radial direction from the outer surface of the 
block to the bottom of the main groove in the comer portion is made large as the intersect angle becomes small. 
Furthermore, the outer surface of the block 26 is convex polygonal in the illustrated embodiment, but it may be 
concave polygonal such as T-shaped form or the like. 

20 The invention will be described with respect to the following experimental example. 

In this experiment there were provided a comparative tire 1 having a tread pattern as shown in Fig. 1 in 
which distances in radial direction from the outer surface of the rib 1 6 to the bottom 20 of the main groove 1 3 
in the vicinities of the intersect portions 18, 19 and the central portion in widthwise direction of the rib 16 were 
the same, a test tire 1 having a tread pattern as shown in Fig. 1 in which the difference between the radial dis- 

25 tance H in the vicinity of the intersect portion 18 and the radial distance J in the vicinity of the intersect portion 
19 was 1 mm and the difference between the radial distance K in the central portion in widthwise direction of 
the rib 16 and the radial distance J in the vicinity of the intersect portion 19 was 0.5 mm, a comparative tire 2 
having a tread pattern as shown in Fig. 6 in which distances in radial direction from the outer surface of the 
block 26 to the bottom 32 of the main groove 24 in the vicinities of the comer portions 30, 31 and the central 

30 portion of the block 26 were the same, and a test tire 2 having a tread pattern as shown in Fig. 6 in which the 
difference between the radial distance L in the vicinity of the comer portion 30 and the radial distance M in the 
vicinity of the comer portion 31 was 1 mm and the difference between the radial distance N in the central portion 
of the block 26 and the radial distance M in the vicinity of the comer portion 31 was 0.5 mm. In the comparative 
tire 1 and the test tire 1 , the rib 16 had an intersect angle a of 120° and an intersect angle p of 240°, while in 

35 the comparative tire 2 and the test tire 2, the block 26 had an intersect angle y of 60° and an intersect angle 8 
of 120°. Each of these tires had a tire size of 205/60 R15. Then, each of these tires was inflated under an internal 
pressure of 2 kgf/cm 2 and run on a drum at a speed of 30 km/hr under a load of 360 kgf, during which slip angle 
was variously changed to measure maximum cornering force. The measured results are shown in Table 1 and 
Figs. 10 and 11. 

40 



Table 1 





Maximum cornering force (kgf) 


Running 
performances 
on dry road 
by feeling 


Slip angle 


2° 


4° 


7° 


8° 


10* 


12° 


Comparative 
tire 1 


230 


343 


365 


372 


368 


350 


100 


Test tire 1 


231 


345 


371 


383 


384 


386 


103 


Comparative 
tir 2 


225 


336 


354 


361 


357 


343 


100 


Test tir 2 


225 


336 


359 


370 


371 


372 


104 
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As seen from Figs. 10 and 1 1, the maximum cornering force in the comparative tires largely reduces as 
the slip angle become large (the steering angle become large), while the maximum cornering force in the test 
tires does not reduce but slightly increases. 

Furthermore, each of these comparativ tires 1 and 2 and the test tires 1 and 2 was mounted onto a pas- 

5 senger car and run on winding road, during which running performances on dry road were evaluated by a feeling 
test of a professional driver. In this case, the running performances were shown by an index value on the basis 
that the comparative tire was 1 00, in which the larger the index value, the better the performances. The results 
are also shown in Table 1. As seen from the results of Table 1, the running performances on dry road in the 
test tires are excellent as compared with those of the comparative tires. 

10 In Fig. 12 is shown a third embodiment of the pneumatic tire according to the invention, in this tire, plural 
main grooves 34 extending in the circumferential direction of the tire, five straight main grooves in the illustrated 
embodiment are formed in an outer surface of a tread portion 33. Furthermore, plural transverse grooves 35 
extending substantially in the axial direction of the tire (inclined ata small angle with respect to the axial direction 
in the illustrated embodiment) are formed in each half of the tread portion 33 so as to cross with the main grooves 

15 and arranged so as to separate from each other at an equal interval in the circumferential direction, in which 
a group of the transverse grooves in the right- side half of the tread portion is shifted at a given pitch with respect 
to a group of the transverse grooves in the left-side half of the tread portion. Thus, a great amount of blocks 
36 having a convex polygon (all interior angles are less than 180°), parallelograms in the illustrated embodiment 
are defined in the outer surface of the tread portion 33 by the main grooves 34 and the transverse grooves 35. 

20 Each of these blocks 36 is comprised of two or more kinds of sides, i.e. a pair of long sides 39 extending in the 
circumferential direction and a pair of short sides 40 extending substantially in the axial direction in the illustrated 
embodiment When such a tire is run under loading, since rubber is incompressive, the blocks 36 are crushed 
in the radial direction to escape in parallel to the ground contacting surface (expand toward insides of the main 
groove 34 and the transverse groove 35). In this case, however, rubber quantity of the block 36 deforming in 

25 the vicinity of the short side 40 is less, so that the block is largely crushed to lower the ground contact pressure, 
while rubber quantity of the block 36 deforming in the vicinity of the long side 39 is larger than that in the vicinity 
of the short side 40 and the crushed quantity in the radial direction is small as compared with the vicinity of the 
short side 40 and hence the ground contact pressure becomes higher than that of the vicinity of the short side 
40. Further, the central surface portion of each block 36 is surrounded by rubber and there is no space for es- 

30 caping rubber, so that the ground contact pressure in the central portion of the block 36 is higher than that in 
the vicinity of the long side 39 and becomes maximum. Moreover, comer portions of each block 36, i.e. a pair 
of obtuse-angled portions 42 and a pair of acute-angled portions 43 have an interior angle of less than 180° 
(because the long side 39 and short side 40 are straight), so that rubber quantity deforming in the corner portions 
is less than that in the vicinity of each side (long side 39, short side 40) and hence the crushed quantity in the 

35 radial direction of these obtuse-angled portion 42 and acute-angled portion 43 becomes larger than that in the 
vicinity of the short side 40 and the ground contact pressure is lower than that in the vicinity of the short side 
40 and becomes minimum. As a result, the ground contact pressure is ununifbrm over the whole of the block 
36, so that side force concentrates into a portion having a high ground contact pressure as the steering angle 
becomes large to lower maximum cornering force. 

40 According to the invention, therefore, as shown in Figs. 13 and 14, a distance in radial direction C from a 

bottom 46 of the main groove 34 to the outer surface of the block 36 in the vicinity of a shortest side among 
sides in the outer surface of the block 36, i.e. the short side 40 in the illustrated embodiment is made larger 
than a distance in radial direction D from the bottom 46 of the main groove 34 to the outer surface in the vicinity 
of a longest side among sides in the outer surface of the block 36, i.e. the long side 39 in the illustrated env 

45 bodiment In other words, the vicinity of the short side 40 is protruded outward in the radial direction from a 
sectional profile of the tread portion 33 shown by phantom line, while the vicinity of the long side 39 is dented 
inward in the radial direction from the sectional profile of the tread portion 33. As a result, rubber quantity in 
the vicinity of the short side 40 is increased to increase the ground contact pressure in the vicinity of the short 
side 40, while rubber quantity in the vicinity of the long side 39 is decreased to reduce the ground contact pres- 

so sure in the vicinity of the long side 39, whereby the ground contact pressure is equalized over the whole of the 
block 36. Furthermore, a distance in radial direction F from the bottom 46 of the main groove 34 to the outer 
surface in the central surface portion 41 of the block 36 is made smaller than the distance in radial directi n 
from th bottom 46 of the main groove 34 to the outer surface in the vicinity of a longest side among sides of 
the block 36, i. . radial distance D in the vicinity of the long side 39 in the illustrated embodim nt, whereby the 

55 ground contact pressure in the central surface portion 41 showing a highest ground contact pressure is larg ly 
decreased to further equalize th ground contact pressure verth whole of the block 36. Moreover, distances 
in radial direction from the bottom 46 of the main groove 34 t th outer surface in the comer portions of th 
block 36, i. . obtuse-angled portions 42 and acute-angled portions 43 are made larger than a distance in radial 
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direction from the bottom 46 of the main groove 34 to the outer surface in the vicinity of a shortest side among 
sides of the block 36, i.e. radial distance C in the vicinity of the short side 40 in the illustrated embodiment 
whereby the ground contact pressure in the obtuse-angled portion 42 and acute-angled portion 43 showing a 
I west ground contact pressure is largely increased to more equalize the ground contact pressure over the 

5 whole of the block 36. In the latter case, the space for escaping rubber crushed in the btuse-angled portion 
42 is narrower than the space for escaping rubber crushed in the acute-angled portion 43, so that the ground 
contact pressure in the vicinity of the obtuse-angled portion 42 becomes higher than that in the vicinity of the 
acute-angled portion 43. For this end, according to the invention, a distance in radial direction G2 from the bot- 
tom 46 of the main groove 34 to the outer surface in the vicinity of the acute-angled portion 43 is made larger 

10 than a distance in radial direction G1 from the bottom 46 of the main groove 34 to the outer surface in the vicinity 
of the obtuse-angled portion 42, whereby the ground contact pressure in these comer portions is equalized, 
the outer surfaces of these portions in the block 36 having different heights are connected to each other in form 
of a smooth curve. The term 'bottom 46 of main groove 34" used herein means a curve (shown by a phantom 
line) connecting bottoms of a pair of the main grooves 34 arranged at both sides of the block 36 in the axial 

15 direction and in parallel with the sectional profile of the tread portion 33. 

When the ground contact pressure in each portion of the block 36 is equalized, even if the steering angle 
becomes large during the running of the tire, the concentration of side force into a portion having a high ground 
contact pressure is mitigated to prevent the lowering of maximum cornering force. According to the invention, 
the difference (mm) between the radial distance C and the radial distance D is preferably within a range of 0.5 

20 to 2 times of a ratio (X-Y)/Y of difference between length X of the long side 39 and length Y of the short side 
40 to length Y as an absolute value. When the difference is less than 0.5 times, the equalization of ground con- 
tact pressure is insufficient, while when it exceeds 2 times, the ground contact pressure in the vicinity of the 
short side 40 too increases and the ground contact pressure in the vicinity of the long side 39 too decreases 
and hence the ground contact pressure over the whole of the block becomes ununrform. Furthermore, the drf- 

25 ference (mm) between the radial distance F and the radial distance D is preferably within a range of 0.1 to 0.5 
times, and also the difference (mm) between the radial distance G1, G2 and the radial distance C is preferably 
within a range of 0.2 to 0.6. 

In the above illustrated embodiment, the block 36 has two kind of sides, i.e. long side 39 and short side 
40, but three or more kinds of sides may be taken. In the latter case, the distance in radial direction from the 

30 bottom 46 of the main groove 34 to the outer surface of the block 36 is made larger as the length of the side 
becomes short Moreover, when the length of the side is same, the radial distance may be same. 
The above embodiment will be described with respect to the following experimental example. 
In this experiment, there were provided a comparative tire 3 having a tread pattern as shown in Fig. 12 in 
which all distances in radial d irection from the bottom 46 of the main groove 34 to the outer surface of the block 

35 36 in the vicinities of the long side 39 and short side 40, central surface portion 41 and obtuse-angled portion 
42 and acute-angled portion 43 are the same, and a test tire 3 having a tread pattern as shown in Fig. 12 in 
which the difference between the radial distance C in the vicinity of the short side 40 and the radial distance 
D in the vicinity of long side 39 was 0.3 mm, the difference between the radial distance F in the central surface 
portion 41 of the block 36 and the radial distance D in the vicinity of the long side 39 was 0.3 mm, and the dif- 

40 ferences between the radial distances G1 , G2 in the obtuse-angled portion 42 and acute-angled portion 43 and 
the radial distance C in the vicinity of the short side 40 were 0.2 mm and 0.4 mm, respectively. These tires had 
a tire size of 205/60 R15. In the block 36, the length X of the long side 39 was 40 mm, and the length Y of the 
short side 40 was 30 mm, and the interior angle of the obtuse-angled portion 42 was 1 20°, and the interior angle 
of the acute-angled portion 43 was 60°. Then, each of these tires was inflated under an internal pressure of 2 

45 kgf/cm 2 and run on a drum at a speed of 30 km/hr under a load of 360 kgf, during which slip angle was variously 
changed to measure maximum cornering force. The measured results are shown in Table 2 and Fig. 15. 
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Table 2 





Maximum cornering force (kgf ) 


Running 
performances 
on dry road 
by feeling 


Slip angle 


2° 


4° 


7° 


8° 


10° 


12° 


Comparative 
tire 3 


225 


336 


354 


361 


357 


343 


100 


Test tire 3 


225 


337 


361 


372 


373 


374 


105 



As seen from Fig. 15, the maximum cornering force in the comparative tire 3 largely reduces as the slip 
15 angle become large (the steering angle become large), while the maximum cornering force in the test tire 3 
does not reduce but slightly increases. 

Furthermore, each of these comparative tire 3 and the test tire 3 was mounted onto a passenger car and 
run on winding road, during which running performances on dry road were evaluated by a feeling test of a pro- 
fessional driver. The results are also shown in Table 2. As seen from the results of Table 2, the running per- 
20 fonmances on dry road in the test tire are excellent as compared with those of the comparative tire. 

As mentioned above, according to the invention, the running performances on dry road can be improved 
by preventing the lowering of maximum cornering force at a large steering angle. 



25 Claims 

1. A pneumatic tire (11) having a tread portion (12;22;33) divided into a tread pattern by grooves 
(13;24,25;34,35), in which each of said grooves has an intersect portion and an angle of an island portion 
surrounded by said intersect portion is different from that of another part at the same island portion, char- 

30 acterized in that a distance in radial direction from an outer surface of said tread portion (12;22;33) to a 

bottom (20;32;46) of said groove (1 3;24;34) at said intersect portion is made larger as said angle becomes 
smaller. 

2. A pneumatic tire as claimed in claim 1, characterized in that a plurality of main grooves (13) extending in 
35 zigzag fashion in the circumferential direction are formed on the outer surface of said tread portion (12) 

to form a plurality of ribs (16) between the said main grooves and between a main groove and the tread 
end (14), and a distance in radial direction (H,J) from the outer surface of said rib (16) to the bottom (20) 
of said main groove (13) at the intersect portion (18,19) of the main groove formed by the zigzag is made 
large as the angle (a,0) of the rib at the intersect portion becomes small. 

40 

3. A pneumatic tire as claimed in claim 2, characterized in that a distance in radial direction (K) at a central 
portion in the widthwise direction of said rib (16) is made smaller than a minimum value of said radial dis- 
tance (J) in the vicinity of said intersect portion (19). 

4. A pneumatic tire as claimed in claim 1, characterized in that polygonal blocks (26;36) are formed by ar- 
45 ranging a plurality of main grooves (24;34) extending in the circumferential direction and a plurality of trans- 
verse grooves (25;35) extending substantially in the axial direction and crossing with the main grooves in 
the surface of said tread portion (22;33), and a distance in radial direction (L,M) from the outer surface of 
said block (26) to the bottom (32) of said main groove (24) at a comer portion (30,31 ) of said block formed 
by intersection between the main groove (24) and the transverse groove (25) is made large as the angle 
(y,5) of the int rsect porti n becomes small. 

5. A pneumatic tire as claimed in claim 4, characterized in that a distance in radial direction (N) at a central 
surface portion of said block (26) is made smaller than a minimum value of said radial distance (M) in the 
vicinity of said comer portion (31). 

55 

6. A pneumatic tire as claimed in claim 4, characterized in that when the outer surface of said block (36) is 
defined by sides having different lengths (39,40), a distance in radial direction (D) from the bottom (46) of 
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the main groov (34) to the outer surface in the vicinity of the center of the I ngest side (39), a distance 
in radial direction (C) from th bottom of the main groove to the outer surface in the vicinity of the center 
of the shortest side (40), and a distance in radial direction from the outer surface to the bottom of the main 
groove in the comer porti n of said block are made larger in this order. 

A pneumatic tire as claimed in claim 6, characterized in that a distance in radial direction (F) from the bot- 
tom (46) of the main groove (34) to the outer surface in a central surface portion (41 ) of said block (36) is 
made smaller than a minimum value of said radial direction (D) from the bottom of the main groove to the 
outer surface in the vicinity of the center of the longest side (39) among sides of said block. 

A pneumatic tire as claimed in claim 6, characterized in that when said block has three or more lengths 
as a side, said distance in radial direction from the bottom (46) of the main groove (34) to the outer surface 
is made larger as the length of the side becomes shorter. 
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FIG. 1 1 
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FIG. 12 




EP 0 512 825 A1 
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